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S u b m i t t e d  h e t e w i t h  a r e  f o . u r  co~ies o f  o u r  r e p o r t  
e n t . i t l e d  ~Founda~ion lnv~siig~tion, P r o p o s e d  L a k e s i d e  C o n -
d o m i n i u m ,  M o a n a l u a ,  O a h u ,  H i w a i i ,  F o r  L o y a l t y  E n t e r p r i s e $  
L t d . "  .  
Th~ s c o p e  o f  w o r k  w a s  d e s c r i b e d  I n  . o u r  p r o p o s a l  
d a t e d  M a r c h  2 3 ,  1 9 7 3 .  O u r  i n v e s t i g a t i o n  e s s e n t i a l l y  c o n -
f o r m e d  t o  t h e  p r o p o s e d  s c o p e ·  o f  w o r k .  
·  p · r - e  I  I  mi'hary·.c;:des1~g l i : 3 ' : l : r C f o r . . ' n t a t  l  o n  w a s  t  r a  n s m  i  t t e d  
v e r b a l l y  t o  y b u r  s t r u c t u r a l  e n g i n e e r  t o  f a c i l i t a t e  h l s  
d e s i g n .  ·  
S o t  I  s a m p l e s  n o t  u s e d  f o r  l a b o r a t o r y  t~stfng a n d  
. r o c k  c o r e  s a m p l e s  w i  I  I  b e  r e t a i n e d  fo~ a·six-m6~~h p e r i o d  
f o r  p o s s i b l e  l n $ p e c t t o n  b y · y o u r  contracto~. U n l e s s  d t . r e c t e d  
o  t  h  e  r w  i  s  e  ,  t  h  e  y  .  \ ' d  I  I  b  e  d  I  5  c  a  r  d e  d  s  i  x  m  o  n  t  h  s  f  o  I  I  o w  t  n  g  t  h  e  
d a t e  o f  t h i s  r e p o r t .  
I  t  h  a s  b  e  ~ n  a  p i  e  a  s  u  r  e  p  a  r  t  t  c  I  p  a t  i  n  g  o  n  t  h  i  s  
p r o j e c t  w f t h  y o u .  S h o u l d  y o u  h a v e  a n y  q u e s t i o n s  t e g a r d -
t n g  o u r  w o r k  o r  t h e  cont~nts o f  o u r  r e p o r t ,  p l e a s e  c o n t a c t  
u s  f o r  . c f a r i f t c a t t o n .  ·  
Your~ v e r y  t r u l y ,  
D A M E S  &  M O O R E  
W .  E .  E s t e s  
W E E : W G S : m y  
c c :  M i  J t o n . S h e r  &  As~opJ~+~s ·  
A t t e n t i o n :  M r .  M i  l t 6 n  S h e r  
,  I  
· , _  . .  ,  . . . .  ' " :  
I  
1 - :  
1 '  .  
.  :  ~ 
I  
I ·  
I  
I  
I  
I  
I  
. I  
I  
I  
I ·  
1 . ·  
I  
I  
I  
1 -
. .  
F O U N D A T I O N - I  N V  E S T  I .  G A T  I  O N  
P R O P O S E D  L A K E S I D E  C O N D O M I N I U M  
M O A N  A  L U A , .  O A H U ,  H A W A  I  I  
F O R  
·  L O Y A L T Y . E N T E R P R I S E S  L T D .  
S t m M A R Y  
T h e  s l t e  i s  c o n s i d e r e d  sa~lsfactory f o r  
t h e  p r o p o s e d  c o n d o r r i i r d u m  b u i  I  d i n g  a n d  r e l a t e d  
f a c t  l i t i e s .  T h e  s t r u c t u r e  ca~ ~e f o u n d e d  I n  
v o l c a n i c  t u f f  r o c k  o r .  g r a n u t . a r  s o i  I .  F o r  f o o . t -
f n g s  p l a c e d  I M  t h e  na~ural c i n d e r  materl~l~, 
a  b e a r i n g  pre~sure o f  6 0 0 0  p o u n d s  p e r  s q u a r e  
f o o t  m a y  b e  u s e d .  F o r  f o o t i n g s  p l a c e d  d i - r e c t l y  
o v e r · t u f f  rock~ a t  le~st f o u r  f e e t  t h i c k ,  a  
b e a r i n g  p r e s s u r e  o f  8 0 0 0  p o u n d s  p e r  s q u a r e  
f o q t  m a y ·  b e  u s e d .  
T h e  p  r o p o . s e  d  d e v e l o p m e n t  w  I  I  I  n o - t  h  av~ 
s i g n i f i c a n t  e f f e c t  o n  t h e  t u n n e l  w h i c h  e x t e n d s  
b e M e a t h  t h e  ~.Jfe, a n d  conv~rseJy, ~he e x i s t -
e n c e  o f  t h e  t u n n e l  \ ' l i  i  I  n o t  a f f e c t  t h e  p r o . . , .  
p o s e d  const~uctlon~ 
I N T R O D U C T I O N  
T h i s  r e p o r t  c o n t a i n s  t h e  r e s u l t s  o f  o u r  fo~nda­
t t o n  I n v e s t i g a t i o n  f o r  a  p r o p o s e d  c o n d o m i n i u m  b u i  ! d i n g  f n  
M o a n a l u a ,  Oah~~ H a w a f J .  T h e  prop~~ed s i t e  I s  l o c a t e d  i n  
t h e  S a l t  L a k e  a r e a ,  t h e  g e n e r a l  l o c a t i o n  o f  W h i c h  i s  !  ! . . , .  
l u s t r a t e d  b y  t h e  M a p  ~f :Ar~a, P l a t e  I .  Specifft~l l y )  t h e  
'  I  : · , , \ .  .~· . . .  ,  . .  : : . 1  .  '  •  '  . ; : ,  '~ ' ,  •  
[ll)~~[ES 8  ~cQlcQl[lll[E 
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· b u t  ldf~g s l t e  l s  t o  b e  s  r t u : a t e d  o n  t h e  · . s o u t h w e s t  c o r n e r  
o f  l l k i r J l  S t r e e t  a n d  . A l a  N a p u n a n f  S t r e e t  { T M K  1 - 1 - 6 2 : 2 4 , .  
2 5 ;  2 6 ,  2 7 , .  a n d  2 8 )  a s  s h o w n  b y  t h e  P l o t  P l a n , .  P l g t e  2 .  
·~ T h e  s c 6 p e  o f  o u r  w o r k  w a s  t o  deve~op s u b s u r f a c e  
·  i  n  f o r m  a t  I  o n  w .  h  I  c  h  w  o  u  I  d  b  e  .  e 3  p  · p  I  l  c a  b  l  e  t o  p  r  o  J  e  c  t  ·  d e s  I  g  n  
a n d  c o n · s t r u c t i  o n .  T o  a c c o m p  I  i s h .  t h i s  s c o p e .  t w o  b o r I n g s  
w e r e  d r i l l e d  a n d .  s a m p l e s  o . f .  s u b s u r f a c e  m a t e r i a l s  o b t a i n e d  
f o r  e v a l u a t i o n  o f  t h e i r  e n g i n e e r i n g  p r o p e r t l e s .  A n  ana~ 
I  y s  i  s  w a s  m a d e  o f  \ ' I  o  r  k  p  r e v  i  o  u  s  I  y  p  e  r  f  o  r m  e  d  b y  o  t  h  e  r  s  i  n  
t h e  s i t e  a r e a .  O u r  w o r k  a l s o  i n c l u d e d  c o n s t d e r a t i o n  o f  
p o s s i b l e  e f f e c t s  o f  t h e  p r o p o s e d  c o n s t r u c t i o n  u p o n  a  
d r a i n a g e  · t u n n e l  s l i · u a - t e d  b o n e a t h  t h e  s i t e .  
.  P R O J E C T  C O N S I D E R A T I O N S  
' · , < - .  
I t  i s  o u r  u n d e r s t a n d i n Q  t h a t  t h e  p r o p o s e d  c o n -
d o m i r \ l u m  f a c i l l . t l e s  w i l l  i n c l u d e  a  t o w e r  1 6  s t o r i e s  i n  
h e i g h t ; :  a n d  a  2 - l . e v e l  p a r k i n g  s t r 1 , 1 c t u r e  s e p a r a t e d .  f r o m  
t h e  t o w · e r .  A  p o r t i o n  o f  t h e  t o w e r  i s  t o  b e  l o c a t e d  o v e r  
a n  e x i s t i n g  d r a t n a g e  t u n n e l  e a s e m e n t .  T h e  s t r u c t u r e  w i t  r  
b e  s u p p o r t e d  b y  b e a r i n g  w a l l s  w h i c h  w i l l  I m p o s e  l o a d s  o f  
a  b o u t  - 4 5  k  t  p  s  p  e  r  I  I  n e a r  t o o t  o  f  w  a  I  f  •  e x  c  e  p  t  f o  r  t  h  e  
o u t s  l  d e  s  t  a  J  r  s  h  a  f  · t  I t t  a  I  I  ~ w  h  i  c  h  w  i  !  I  b  e  d e  s  i  g  n  e  d  f  o  r  
a  w i n d  l o a d  o f  soo·~rp~ ~er ir.hea~ f o o t .  A  s w i m m i n g  p o o l  
w l l l  b e  l o c a t e d  a l o n g  t h e  n o r t h e r n  e d g e  o f  t h e  s i t e .  
~-·., .·_,.·~··.::~ . .  ,  ' . )  . .  
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S I T E  C O N D I T I O N S  
S U R F A C E  
T h e  s i t e  i s  s l t u a t . e d  o n  . t h e  s i d e  o f  a  n o r t h -
w e s t - f a c i n g  i n t e r l o r  s l o p e  o f  S a l t  L a k e  c r a t e r .  T w o  
b e n c h e s  h a v e  b e e n  c o n s t r u c t e d  a t  t h e  s i t e ;  o n e ,  w h i c h  i s  
t o  c o n t a i n  t h e  t o w e r ,  s l o p e s  n o r t h w e s t w a r d  f r o m  e l e v a - ·  
t t o n  + 6 1  f e e t  ~o + 5 0  f e e t ,  . t h e  o t h e r  a l s o  s l o p e s  n o r t h -
w e s t w a r d  f r o m  e l e v a t i o n  + 4 9  f e e t  t o  + 3 6  f e e t  a n d  i s  t o  
c o n t a i n  p a r k i n g  a n d  r e c r e a t i o n  . f a c i l i t i e s .  P o r t i o n s  o f  
e a c h  b e n c h  a r e  c u t .  f n t o  r o c k ,  a n d  t h e  r e m a i n d e r  c o n s i s t s  
o t o v a r l y i n g  s a n d  a n d  g r a v e l  o r  t t l  I  m~terial w h i c h  w a s  
r e m o v e d  ftc~ t h e  p u t s .  
A t  pre~ent, .  t h e  s J  t e  i s  o c c u p  J e d  b y  a  one~story. 
w o o d - f r a m e  o f , f l c e  b u t  l d t . n g .  T h e  a d j o i n i n g  l o t  i m m e d i -
a t e l y  w e s t  o f  t h e  s i t e  c o n t a i n s  a  f o u r - s t o r y  c o n c r e t e  
s t r u c t u r e .  
S U B S U R F A C E  ·  
T h e  s i t e  i s  s i t u a t e . d .  o n  t h e  r i m  o f  S a l t  L a k e  
C r a t e r ,  a  s e c o n d a r y  e r ; - u p t t o n  l n  t h e  1 - c f f e r  v o l c a n i c  s t a g e s  
o f  O a h u ' s  d e v e l o p m e n t .  V o l c a n i c  a s h  a h d  e j e c t a  h a v e  b e e n  
c e m e n t e d  1 n  p l a c e  t p  f o r m  h~rd v o l c a n i c  t u f f  a n d  t u f f  
b r e c c i a  r o c k .  G e n e r a l  l y j  th~ · t u f f  I s  m a s s i v e ,  a n d  i s  
s o m e t i m e s  o v e r l a i n  b y  ~ f e w  f e e t  6 f  g r a v e l  o r  s a n d  f l  I  I  
· a n d / o r  a  d e n s e  bro~ffl';>Jitygn~v~IJY. s a n d .  
.  .  ~ .  
T h i s  r o c k  w a s  
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p e n e t r a t e d  b y  bQt~qf o u r  ~orlngs, a n d  m a y  b e  s e e r t  t n  
r o a d .  c u t s  a · · n d  . t r e n c h e s  n e a r  t h e  s J . t e .  T h e  t u f f  J . s  o f  
v a r i a b l e  t : h l c k n e s s l  a n d '  l n  p l a c e s  o v e r l i e s  a  f i n e  t o  
c o a r s e  d~nse c i n d e r .  sa~d-and c l a y e y c l n d e r  sand~ T h e  
. s a n d ,  I f  p r e s e · n t , o v e r l i e s • a s t t t  c o m p l e x  c o n s i s t i n g  
o f  I  I  g h t  b r o w n  s t U f  t o  h a r d  s i l t y  c  I  a y  a n d  s a n d y  o r  
c l a y e y  s i l t .  W h e r e  t h e  s a n d  i s  n o t  p r e s e n t ,  t h e  t u f f  
· l ' l e s  d ! r e c i " t y  u p o r i . c J a y · o r  s ! l t .  T h e  b a s e  o f  t h e  s i l t  
c a m p  I  e x  w a s  n o t  · e n c o u n t e r e d  b y  o u r  b o r I n g s .  
A  dtat.nage~~unner h a s  b e e n  c o n s t r u c t e d  b y  t u n -
n e l t n g  through~th~ , t r t  c o m p l e x .  T h e  t u n n e l  p a s s e s  b e -
n e a t h .  t h e  r : . o r t h e a s t  c o r n e r  . o f  t h e  p . r o p o s e d  s t r u c t u r e  a t  
.  a n  ~pproximate d e p t h  o f  4 4  t o  4 8  f e e t .  r +  I s  o u r  under~ 
s t a n d i n g  t h a t  ~he t u n n • r  J s  o f  a r c h  r o o f  d e s i g n ,  l i n e d  
w i t h  r e i n f o r c e d  g u n l t e ,  a n d  t s  I !  f e e t  i n  h e i g h t  a n d  1 0  
f e e t .  t  n  w i d t h .  T h e  t u n n e  I  w a s  c o n s t r u c t e d  t o  c a r r y  
dratnage.~ro~ Sal~ L a k e  t o  a .  s t o r m  s e w e r  n e a r  P u U i o a  R o a d .  
T o  e x p J o r e  t h e  s u b s u r f a c e  c o n . d  i t  f  o n  s  b e  n e a t h  
t h e  s i t e ,  . t \ ' / 0  b o r i n . g s . w e r e  d r i  i  ! e d ·  a t  t h e  l o c a t i o n s  s h o w n  
o n  t h e  P l o t  P l a n .  T h e  b o r i n g s  w e r e  d r i  I  l e d  b y  a  s u b -
c o n t r a c t o r  u n d e r  o~r c o n s t a n t  f i e l d  t n s p e c t f o h .  Core~ 
w e r e  o~tained o f  r 6 t k  en~ountered t n  t h e  b o r i n g s  t o  
ev~luate t h e  ~ompetency o f  t h e  r o c k  u n d e r l y i n g  t h e  s l t e .  
S o l  I s  wer~ s a m p l e d  w i t h  o u r  T y p e  U  s a m p l e r ,  a n d  t h e  
r e c o v e r e d  m a t e d  a  I  ; " i • . • : . : r : e . ; t u  r n e d  1 ' o  o u r  I  a b o r a t o r y  f o r  t e s t -
.  · - . · : ·  • , .  
Bllli:>~C:S 8  ~<Dl<Dllll1C: 
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~ 5  • •  
J  r i g .  A  d a t a  r t  e d  d e s e r T  p t l o n  o f  t h e  f i e  I  d  e x p  I  o r  a t  I  on~ 
I n c l u d i n g  b o r , l n g  J o g s  a n d  t h a  r e s u l t s  o f  l a b o r a t o r y  
t e s t i n g ;  a . r e  c o n t , a l n e d  w l t h t n  t h e  A p p e n d i x  a t t a c h e d  t o  
t h I s  r e p : o r t . ,  ·  ·  
· G r o u n d  w a t e r  w a s  n o t  e n c o u n t e r e d  I n  t h e  b . o r l . n g s .  
T h e  a c t u a l . g r O u r i d  w a t e r  s u r f a c e  i s  n e a r  t h e  t u n n e i  f l o o r  
a t  a b o u t  s e a  l e v e l .  
, _  
CO~CLUSIO~S A N D  ~ECOMMENDATIONS 
T U N N E l _  S t A B I L I T Y  
A  r e v i e w  o f  o ( J r  f i l e s  w a s  m a d e  t o  g a t h e r  e x i s t -
l n g  I n f o r m a t i o n  r e g a . r d i n g  t h e  d r a i n a g e  t u n n e l  b e n e a t h  
t h e  s t t e .  T h i s  I n f o r m a t i o n  w a s  s u m m a r i z e d  I n  a : ; p r e c e d l n g  
_ p a r a g r a p h ,  S I T E  C O N D I T I O N S ,  S U B S U R F A C E .  
W e  a r e  o f  t h e  o p f n t o n  t h a t  t h e  p r o p o s e d  s t r u c -
t u r ' e  w o u l d  h a v e  n e g l i g i b l e  e f f e c t s  o n  t h e  t~nn~l; c o n -
v e r s e l y ;  t h e  p r e s e n c e  · o f  t h e  t u n n e l  w o u l d  h a v e  n e g l i g i b l e  
e f f e c t s  o n  t h e  p r o p o s e d  c o n s t r u c t  i o n  • .  
. . f O U N D A T  I . O N S  
T h e  l6~story str~cture c a n  b e  s a t i s f a c t o r i l y  
s u p p o r + e d  o n  s p r e a d  f o o t i n g s  p l a c e d  i n  a  c o m p e t e n t  r o c k  o r  
soli~ W e  r e c o m m e n d  tb~ ~se d f  ~bearing p r e s s u r e  o f  8 0 0 0  
p o u n d s  p e r  s q u a r e  f o o t · f o r  f o o t i n g s  p l a c e d  d i r e c t l y  d~~t 
t u f f  f o r m a t i o n  that''_.(~-- ? I f  l e a ? t . ·  l o l ! r  f e e t  t h i c k .  O t h e r -
. . .  ~ ~ . .  
, .  !  ; .  
ll!>~~IE$ 8  ~CC)(tl>~IE 
: . . ; . : :  '  : ! ·  l·~ ~·' ··~ . . . .  
~ - ·  .  
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wise~~ f o 6 t f n g s  p l a c e d  o n  n a t u r a l  s a n d  o r  g r a v e l l y  s a n d  
s h o u J . d  b~ de~fgn~~ t o  a  b e a r i n g  p r e s s u r e · o f .  6 0 0 0  p o u n d s  
p e r  s q u a r e  f o . o t .  T h u s ,  t o  a s c e r t a i n  t h e  thlckne~s o f  
t t i f f  urid~r t h e  w a f t  footing~ t h e  b o t t o m  o f  t h e  footin~ 
· s h o u l d  b e · s o . u n d e d  b y  t e s t  p i t s  o r  d r i l l i n g  t o  a t  l e a s t  
f o u r  fee~·Ldeep;. T h e  b o t t o m  o f  a  I  I  f o o t i n g s  s  h . o u  I  d  b e  
a t  l e a . s t  t~o f e e t  b e l o w  t h e  l o w e s t  adj~cant g r a d e  .  
.  T h e  s a m e  ~rlteria ~hould b e  u s e d  f o r  f o o t i n g s  
f o r  t h e .  ga~age s t r u c t u r e  • .  
E~cavatlon I n  t u f f  . r o c k  sho~ld b e  t h o r o u g h l y  
c l e a n e d  o f  l o o s e  d e b r i S  o r  l o o s e n e d  r o c k  p i e c e s  p r i o r  
t o  p l a c i n g  o f  s t e e l .  
A l l ' f o u n d a t i o n  e x c a v a t i o n s  s h o u l d  b e  I n s p e c t e d  
b y  a  q u a l t t J e d  soil~ e n g i n e e r  t o  v e r l f y  t~at t h e  e x p o s e d  
m a t e  r i  a  I  s  a r e  c a p  a b  I  e  o f  s a t  i  s  f a c t o r  i  I  y  s u p p o r t  i  n  g  t h e  
t  m p o s e d  .  l o a d s .  
S L A B S - O N - G R A D E  
I t  i s  o u r  o p i n i o n  t h a t  b u i  I  d i n g  s l a b s  a n d  p o o l  
d e c k i n g  c a n  b e  s a t t s f a c t o r l  l y  s u p p o r t e d  a t  g r a d e .  A  
m i n i m u m  f . o u r - i n c h  t h i c k  o p e n  g r a d e d  g r a v e l  s h o u l d  b e  
u s e d  b e n e a t h  a n y  c o n c r - e t e  s l a b s  i n .  h a b i t a b l e .  a r e a s .  
A  v a p o r  b a r r i e r  o r  m e m b r a n e  s h o u l d  b a  p l a c e d  u n d e r  t h e  
s l a b s  a n d  t h e · b a s e : : : c o u r s e c g r a d a J i o n  s h o u l d - b e  s u f f i -
c f  e  n  t  t o  p  r o  v  f  d e  a  p n  f i '  t  I  !  a  r  y  .  ~) r  f . i  ? !  k  .  
- .  ~ .  ' .  . .  .  '  .  .  
[l!)~~O:S 8  ~CC)(!l>IRlO: · · '  
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c6~cr~te p o o l  d e t k f n g  c a n  b e  c o n s t r u c t e d  f m -
. ·  m e d t  a t e  I  y  o v e r  qn~s·ite m a t e d  a  I s  o r  c o m p a c t e d  g r a n  u  I  a r  
. •  .  
·  f  l l  . f  •  N o  b  a s  e  c o  t i  r  ~ e  s  h  o  u  I  d  b e  r  e  q  u  t  r  e  d  p  r  c v  i  d  ~ d  t  h  e  
g r o u n d  s u r f a c e ·  l s  f r e e  o , f  c l a y e y  o r  s i l t y  m a t e r i a l s .  
R E T A I N I N G .  W A L L  
I t  I s  o u r  u n d e t · s t a n d i n g  t h a t  a  b a s e m e n t  w a l l  
w l  I I  a l s o  b e  d e s i g n e d  t o  r e f a i  ~ e a r t h  f l  I !  b e .  l o w  : i r o u n d  
l e v e l .  Geheralfy~~the w a l l  s h o u l d  b e  d e s i g n e d  f o r  a  
l a t e r a l  e~rth p r e s s u r e  o f  6 5  p o u n d s  p e r  s q u a r e  f o o t  p e r  
f o o t  o f .  d ' e p t h  o n  t h e  v e r t i c a  I  f a c e  o f  t h e  w . a  I  I .  I t  i s  
impe~attve t h & f  t~ere b e  ~o latera~ dafl~ctlon o f  t h e  
w a l l  d u r i n g  t h e  b . a c k f l l l i n g  o p e r a t i o n  o f  t h e  w a l l .  T h u s  
i t  a p p e a ' r s  t h a t  b u t t r e s s  t y p e  I  a t e r a  I  s u p p o r t s  w o u l d  b e  
p r e f e r a b l e  t o  p r o v i d e  a d e q u a t e  r i g i d i t y  d u r i n g  c o n s t r u e -
t t o n .  I t  I s  s u g g e s t e d  t h a t i  i n  r e v i e w i n g  t h e  p r o p o s e d  
c o n s t r u c t i o n  s c h e d u l e s  b y  t h e  c o n t r a c t o r ,  t h e  s t a t e  o f  
t h e  w  a  I  I  . .  d  u  r 1  n  g  t h e  b  a  c  k  f  i  I .  I  i  n  g  s  h  o  u  I  d  b  e  c  a  r  e  f  u  I  I  y  
e v a l u a t e d  t n  regard~-to p o t e n t i a l  l a t e r a l  d e f l e c t i o n .  
, S I T E  G R A D I N G .  
l  t  l  s  o u r  unde1~stand t  n g  t h a t  s o m e  f l . F I  ;~and ~po·s­
s l b l y  s o m e  a d d i t i o n a l  c u t  d p e r a t i o n s  w i  I  I  b e  requi~ed a t  
t h e  s t t e .  I n  g e n e r a l ,  o n - s i t e  m a t e r i a l s  w i  I  I  b e  s u i t a b l e  
f o r  u s e  t n  compact~~(-'f.ftls p r 6 v r d e d  t h a t  t h e  m a t e r i a l  i s  
[ll)~C1:Jll:S 8  C 1 : J < a > < a > l l l l l l :  
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f r e e  o t  · a d o b e ;  d e b r l s  
1  
a n d  r o c k  p i e c e s  l  n  e x c e s s  o f  s  i . x  .  
I n c h e s ·  t ' n  t h e l r  m a x i  m u m .  d  J  r n e n s  I  o n .  T h e  s i t e  s  h o u  I  d  b e  
s t r i p p e d  p r i o r  · t o  a n y  f i l l  p l a c e m e n t ,  a n d  t o  r e m o v e  a l l  
b e g e t a t i 6 n  ~n.d s c a f t e r e d  d e b t t s .  
.  .  
F l i t s  s h o u l d  b e  c o n s t r u c t e d  I n  s t x - t n c h  m a x i m u m  
· l i f t s  and;.~omp~cted~to 9 5  p e r c e n t  ~f t h e  r e s p e c t i v e  m a x i -
~urn d~y d e r r s i t ! e s  a s  determ~ned i n  accord~nce w i t h  AST~ 
: : - : : - c o m p a c t i o n  t ' e s t :  d e s  i  g n a t  t o n  D - I  5 5 7  •  _ , - F i  I  I  b e  neat:tr:.:~:=-~:-:::;-'· 
p a v e m e n t s  .shb~ld ~e c o m p a c t e d  . t o  9 5  p e r c e n t  c o m p a c t i . o n  
i n  t h e  u p p e r  1 2 - fnch~s o f  s u b g r a d e .  T h e  c o n s t r u c t i o n  o f  
f t l l .  s h o u l d  b e  l~spected t o  a s c e r t a i h  t h a t  t h e  m a t e r i a l s  
a n d  comp~cted_densl~ies ~re s a t i s f a c t o r y .  
E X C A V A T I O N S .  
E x c a v a t i o n s  w i l  I .  b e  r e q u i r e d  d u r i n g  f o u n d a t i o n  
c o n s t r u c t i o n  f o r  t h e  m u l t i - s t o . r y  s t r u c t u r e  I n - c l u d i n g  
t h e  e l e v a t o r  s h a f t  ~nd f o r  t h e  s w i m m i n g  p o o l .  B a s e d  o n  
o u r  p r i o r ·  e x p e r i e n c e  i n  t h e  S a l t  L a k e  v o l c a n i c  t u f f  
f o r m a t  I  o n ,  e x c a v a t I o n  c a n ·  b e  a c c o m p  I  i s h  e d  b y  t r a c t o r  
~quipmen~ w i t h  rlppe~ attachment~ 
P A V E M E N T  D E S I G N  
B a s e d  o n  t e s t  r e s 4 l t s  o~ compacte~ v o l c a n i c  
t~ff t t l  I  w i t h J n  S a l t  L a k e ,  t h e  C B R  v • t u e  c a n  b e  exp~cted 
t o  r a n g e  f r o m  3 0  t < ? ' · · 4 · 9 : > b i 1  sem~l.~5 c o m p a c t e d  t o  9 5  p e r c e n t  
llll8l.~a:s e  l r i l i l C C i l l ! a :  
.~ · . . . , _  · , .  ·~ .  . , : , ; .  .  
: t  
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· p e r c e n t  o f .  t h e · · m a x t m u m  d r y  d e n s i t y .  W e  b e l i e v e  t h a t  t h e  
s  t  t e  ·  f s : · · s ' u i t a b l e  f o r  a  m  t  n  l m u m  p a v e m e n t  s e c t  I  o n  c o m p o s e d  
o f  ·  e l  t h e  r  2  I  n  c  h  e  s  o  f  a s  p  h  a  I t  i  c  c o n  c  r e t e  o  v  e  r  4  t  n  c  h  e  s  
o f . b . a s e  co~rs~i o r  3 i  i n c h e s  o f  f u l l  d e p t h  asphai~ p l a c e d  
d i r e c t l · y  o n  p r o p e r t y .  c o m p a c t e d  v o l c a n i c  t u f f  . f f l l .  T h e  
~ase c o u r s e  s h o u l d  h a v e  a  m t n i m u m  C B R  ~atlng o f  8 5 .  
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,  T h e ·  f o l l o w i n g  P i a t e s  a n d  A p p e n d l : x  a r e  a t t a c h e d  
a n d . c o m p J e t e  t h i s  r e p o r t :  
P l a t e  I  - - M a p  o f  A r e a  
P l a t e ,  2  - P l o t  P l a n  
A p p e h d l x  ~ F i e l d  E~plbration a n d  L a b o r a t o r y  T & s t l n g  
.  R e s p e c t f u l l y  s u b m i t t e d , .  
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A P P E ' N D I X  
F  I  E J : : : D  •  E X P L 0 R A T  I  O N  A~fD . L A B O R A T O R Y  T E S T I N G -
F . l e i ' d  -~xp ! o r a t i o n  . .  v : . a . s  c o n d l ! c t e d .  a t  t h e  p r o J e c t  
s · l t e  d u - r . i n : ' 9  M a r c h  3 0  t h r o u g h  f \ p r - i  I  2 ,  1 . 9 7 3 .  T h i s  w o r ! <  
w a s  p e r f o r m e c i  i n  t w o  p · h a s e s  ·  b y  o n e  o f  o u r  E f n g  i  n e e r  i  n g  
.  g e o J o g  t  s t $ ; - a .  p  r e J  I  m  i . n a  r y  · s i t e  r e c o n n a i s s a n c e  > a n d  e x , .  
plorate~y d r i f i f n g .  
Th~ recon~ai$san~~-;phase . w a s  co~pleted-on 
M a r c h  3 0 ,  1 9 7 3 _ . ·  A . t  t h a t  t i m e ;  o u r  e n g t n e e d n g  g e o l o g -
i s t  e x a m i n e d ·  t h e  l a n d  f e a t u r e s ,  s e d  L  \ , ; C J n d i t i o n s ,  a n d  
e x i s t i n g  struc'tur~s a t  a n d  n e a r  t _ h e  s i t e .  E x p o s · u r . e s  
o f  v o  I  c a n l c  t u - f f  · a n d  t h e  u r y q e r  I  y !  n g  s I - L t  c o r n p  I  e x  w e r e  
e x a m i n e d  \ ' t l  t h  · - r e s  p · e c t  t o  t h e - p  r e p o s e d  s t r u c t u r e  a - n d  
c i r t l l 1 n g - J o c a t i o n s .  f'refen~ed d r i t l ' i n g  -loc~tlons w e . r e  
c h e c k e d  f q r : - ·  a c c e s s i b i l i t y  f ! . n d  p o s s i b l e  d a m a g e  t o  
e x t s t f n g  strpct~tes. T h e  f i e l d  r e c o n r i a t s s a n c e  p h a s e  
r e v e a L e d  t n a t . t h e  o v e r i y l n g  t u f f  h o d  a n  u n d u L a t i n g  n a -
t u r e  a n d  v a r i - e d i n  t h l c k n e s ? •  S l i g h t  J o i n t i n g  a t  l o w  
a n g l e s  w e r e  q b s e r v e d .  T h e  ~!It a p p e a r e d  v e r y  s t i f f  t o  
h a r d ,  a n d  · l m r r : e d l . a t e l y  1~0! l o . w e c j  t t 1 e  b a s e  o f  t h e  t u f f  I n  
t h e  e x  p  . o  s  u  ,~ e  s  o  b  s  e r  y  e  d  :  H i  ~ r  s '  c o n  n  a  t  s  s  a  n  c  e  f  a  c  t  I  I  - t  a  i '  e  d  
t h e  d e v e t o p m e n · · t  o f  t~e d r t  l  q r . g  r.~nd s a m p l  t n g  p r o g r a m  
W h ' i  c h  f o  I  I  o \ ' t e d : .  ·  
. , · " , - i . , : .  
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· T h e .  e x p  f . o r a : t o r y  d d  J  I  i  n g  p h a s e .  o f  o . u r  w o r k  w a s ·  
c o n d u c t e d  o n  Aprll'·2~ 1 9 7 3 .  T h e  L o g  o f  B o r i n g s  a r e  
p r o v i d e d  o n  P l a t e s  A . , - f A  a n d  A - 1 8  . o f  t h i s  A p p e n d i x .  
T h e  - d r i . L I  t r r g  w a s  a c c o m p  H s h e d  b y  a  s u b  con~ 
t r a c t o r  ustng.a~.Mobtle O r T I I ,  M o d e l  B - 6 L .  T h l s  I s ·  
'  .  
a  tru6k~mq~nted r o t e r y  d r t  1 1  w i t h . h y d r a u l i c - w a s h  t h a t  
~lso h a s  a u g e r l n g  c a p a b i J t t i e s .  O u r  e n g i n e e r i n g  g e o -
l o g i s t  loc~ted t h e  b o r i n g  positions~ p r o v i d e d  c o n s t a n t  
s u p e r . v l s i o n  d u r i n g  t h e  d r . H  I  i n g  p h a s e ,  s e l e c t e d  t h e  
m o s t  ·  e  f  f  i  c  i  e n  t  d  r  i  1 . 1  i  n  g  a n d  .  s  a m p  I  i  n  g  t e c h  n  f  q  u  e  s  f o r  .  
t h e  m a t e r i a l s  ~nto~ntere~, a n d  o b t a i n e d  r e l a t l v e l y  
u n d i s t u r b _ e d  s o r !  Si:lmp!~s. N X · t y p e . _ c o r e s  w e r e  o b t a i n e d  
o f  r o c k  material~ e n c o u n t e r e d .  
A  s e r i e s  o f  : t w o  b o r i n g s  . w e r e  d r i  I  l e d  d u r i n g  
t h e  J a s t  p h a s e  o f  . t h e  f i e l d  e x p l o r a t o r y  w o r k .  T h e  
b o r i n g s  w e r e  posl~io~ed t o . p r o v t d e  d e t a l  l e d  i n f o r m a -
t f o n , a b o u t  t h •  s u b s u r f a c e  m a t e r i a l s  f o u n d  a t  t h e  s i t e  .  
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S y s t e m ;  a  d e s c r i p t i o n  o f  t h i s  s y s t e m  I s  I n c l u d e d  a s  
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SOIL CLASSIFICATION CHART 
MAJOR DIVISIONS 
COARSE 
GRAINED 
SOILS 
MORE TliAN 50 o/o 
OF MATERIAL IS 
J...A.!!JI.ll THAN NO. 
200 SIEVE SIZE 
GRAVEL 
AND 
GRAVELLY 
SOILS 
MORE THAN 
OF COARSE FR ACI'-
TIOIW !i.!.A!..!tU 
ON NO. 4 SIEVE 
SAND 
AND 
SANDY 
SOILS 
CLEAN 
(LITTLE OR NO 
FINES) 
AMOUNT 
QF FINES) 
CLEAN SAND 
(LITTLE OR NO 
FtNU 
MORE THAN 50% I SANDS WITH FINES 
OF COARSE F'RAC· (APPR[CIA8LE AMOUNT 
TION ~ OF FIN[$) 
frrtO. 4 StEVE 
DESCRIPTIONS 
GW 
WELL- GRADED GRAVELS, GRAVEL-
SAND lillllCTUR£5, LITTLE OR 
NO FINES 
GP POORLY-GRADED GRAVELS, GRAVEL· SAND IIIIJCTUR£5, LITTLE OR 
NO FINES 
SILTY GRAVELS, GRAVEL· SAND-
GM SILT MIXTURES 
GC 
CLAYEY GRAVELS, GAAYEL·SANO· 
CLAY MIXTURES 
sw WELL ·GRADED SANDS, GRAVELLY SANDS, LITTLE OR NO FINES 
SP POORLY- GRADED SANDS, GRAVELLY SANDS, LITTLE OR NO FINES 
SM Stl'!'Y SANDS, SAND·StLT MIXTURES 
sc CLAYEY SANDS, SAND·CLAY MIXTURES 
., 
I 
GRADATION CHART 
PARTICLE SIZE 
MATERIAL SIZE LOWER LIMIT UPPER LIMIT 
t.tiLLIMETERS SoEVE SIZEe MILLIMETERS SIEVE SIZEe 
SAND 
FINE .074 10200• 0.42 1040. 
MEDIUM 0.42 o40e 2.00 010. 
COARSE 2.00 tf:IO• 4.76 04. 
GRAVEL 
FINE 4.76 lt4. 191 314". 
' 
COARSE 19.1 3/4''• 76.2 3". I 
COBBLES 76.2 3" • 304.8 12. I 
BOULDERS 3048 
--
12. 
---
914.4 36" I 
• U.S. S T ANOARO • CLEAR SQUARE OPENINGS 
PlASTICITY CHART 
LIOUIIJ LIMIT 
I I ' ~~,r~·ffrnt~f1flfl I INORGANIC SILTS AND VERY F'INE I ----so o ID 20 40 50 60 90 70 80 30 v 
100 
FINE 
GRAINED 
SOILS 
YORE THAN &0 o/o 
OF MATERIAL 1$ 
l.!!AJ..J...(J! THAN NO 
200 StEVE StZI: 
SILTS 
AND 
CLAYS 
SILTS 
AND 
CLAYS 
LIOUIO LIMIT 
Ull THAN 50 
LIQUID LIMIT 
qREATCR THAN &0 
HIGHLY ORGANIC SOILS 
NOTES: 
I. DUAL SYMBOLS ARE USED TO INDICATE BORDERLINE CLASSIFICATIONS. 
ML 
CL 
OL 
MH 
CJi 
OH 
PT 
SANDS, ROCK FLOUR, SILTY OR 
CLAYEY F'IN£ SANDS OR CLAYEY 
SILTS WITH SLIGHT PLASTICITY 
INORGANIC CLAYS or LOW TO MEDIUM 
PLASTICITY, GRAVELL"t CLAYS, 
SANDY CLAYS, SILTY CLAYS, LEAN 
CLAYS 
ORGANIC SILTS ANO ORGANIC 
SILTY CLAYS or LOW PLASTICITY 
INORGANIC SILTS, MICACEOUS OR 
DIATOMACEOUS rtN£ SAND OR 
SILTY SOILS 
INORGANIC CLAYS 0' HIGH 
PLASTICITY, F'AT CLAYS 
ORGANIC CLAYS OF MEDIUM TO HIGH 
PLASTICTY, ORGANIC SILTS 
PEAT, HUMUS, SWAMP SOILS 
WITH HIQH ORGANIC CONTENTS 
2. WHEN SHOWN ON THE BORING LOGS, THE FOLLOWING TERMS ARE USED TO DESCRIBE THE 
CONSISTENCY OF COHESIVE SOILS AND THE RELATIVE COMPACTNESS OF COHESIONLESS SOILS. 
VERY SOFT 
SOFT 
MEDIUM mFF 
STifF 
VERY mFF 
HARD 
COHESIVE SOILS 
(APPROXIMATE SHEARING 
STRENGT~ IN KSF) 
LESS THAN . 25 
0.25 TO 0.5 
0.5 TO 1.0 
1.0 TO 2.0 
2.0 TO 4.0 
GREATER THAN 4.0 
COHESIONLESS SOILS 
VERY LOOSE 
LOOSE 
MEDIUM DENSE 
DENSE 
VERY DENSE 
THESE ARE USuALLY 
BASED ON AN EXAMINA· 
TION OF SOIL SAMPLES, 
PENETRATION RESIST· 
ANCE, AND SOIL DENSITY 
DATA. 
~ 
~ 
CUI ~!II! ~II! 
CCI 
oW 
~~ 
~· ~w i"-
~~ 
a: 
I? 
50 
~40 
~ 
.... 
).. 
,._ 
i:i 30 
i:: 
It\ 
"1: 
~ 20 
10 
-----0 
CH ~ ,v. 
z ~ 
:J L_ cb 
CL 1/ 
L v MH 8 OH 
trcT~WVML a OL 
~, I 
SAMPLES 
IJ INDICATES UNDISTURBED SAMPLE 
181 l'iDICATES DISTURBED SAMPLE 
0 INDIOATES SAMI'UNG ATTEMPT WITH NO R£COVERY 
I lOCATES LENGTH OF CORING RUN 
NOTE: 
v 
DEFINITIONS OF ANY ADDITIONAL DATA REGARDING SAMPLES ARE 
ENTERED ON THE FIRST LOG ON WHICH THE DATA APPEAR. 
' 
I 
I 
--
UNIFIED SOIL CLASSIFICATION SYSTEM 
DAM.&& MOORE 
PLATE A-2 
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• H E A D "  A N D  • s P L I T  B A R R . E L "  
S P L I T  B A R R E L  
( T O  F A C I L I T A T E  R E M O V A L  
O F  C O R E  S A M P L E )  
P l a t e  A - 3  
S O I L  S A M P L E R  T Y P E  U  
F O R  S O I L S  D I F F I C U L T  T O  R E T A I N  I N  S A M P L E R  
C H E C K  V A L V E S  
V A L V E  C A G E  
C O R E - R E T A I N E R  
.  R I N G S  
( 2 · 1 1 2 "  O . D .  B Y  I "  L O N G )  
C O R E - R E T A I N I N G  
~ D E V I C E  . .  
R E T A I N E R  R I N G  
R E T A I N E R  P L A T E S  
( I N T E R C H A N G E A B L E  W I T H  
O T H E . R  T Y P E S )  
A L T E R N A T E  A T T A C H M E N T S  
S P L I T  IOAKKI:~"' 
J:~NLfNAcf~~gE ~;:~; 
( I N T E R C H A N G E A B L E  
L E N G T H S )  
C O R E , R E T A I N I N G  
D E V I C E  
I D A I M I I E S  l e  M O C R I E  
